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Improving Accuracy of Influenza-Associated 
Hospitalization Rate Estimates 

Technical Appendix 

FluSurv-NET Coverage Area 

FluSurv-NET covers 70 counties in the 10 Emerging Infections Program states 

(California, Colorado, Connecticut, Georgia, Maryland, Minnesota, New Mexico, New York, 

Oregon, and Tennessee). Since the 2009 influenza pandemic, the network expanded to include 

counties with defined catchment-area populations from other states: Iowa (2009–10, 2012–13 

seasons), Idaho (2009–10, 2010–11 seasons), Michigan (2009–10 through 2012–13 seasons), 

Ohio (2010–11 through 2012–13 seasons), Oklahoma (2009–10, 2010–11 seasons), Rhode 

Island (2010–11 through 2012–13 seasons), South Dakota (2009–10 season), and Utah (2010–11 

through 2012–13 seasons). 

Results 

During 2003–2013, the distribution of types of influenza diagnostic tests among 

identified cases changed, particularly after the 2009 pandemic, for each age group. Before the 

2009 pandemic, rapid tests were the most common test types among identified cases in FluSurv-

NET (Technical Appendix Figure). After the 2009 pandemic, reverse transcription PCR (RT-

PCR) became the most common test type among identified cases in all age groups. 

Technical Appendix Table 1 shows influenza diagnostic test sensitivity ranges from the 

literature review and applied probability distribution by age group.  

Technical Appendix Table 2 shows overall FluSurv-NET observed and adjusted rates of 

hospitalization per 100,000 population during 2003–2013 for all age groups. 
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Technical Appendix Table 3 shows FluSurv-NET observed rates of hospitalization per 

100,000 population; hospitalization rates adjusted for test sensitivity; and hospitalization rates 

adjusted for test sensitivity and frequency of testing by patient age group during 2003–2013.  

Adjustments attempting to account for frequency of testing have previously been 

performed by using the following methods. The frequency of influenza testing among 

hospitalized patients with respiratory infections was assessed in a sample of 5 participating 

surveillance areas during December–April of the 2010–11 and 2011–12 seasons. Sites selected 

hospitals that were representative of their catchment area and identified all patients who had been 

admitted with respiratory infections by using a discharge audit of International Classification of 

Diseases, Ninth Revision, codes 466–488. For an age-stratified random sample, the proportion of 

patients tested for influenza was assessed from review of medical charts and laboratory records 

(19). The proportion of patients tested for influenza was 63.8% (53.8%–73.8%) for children <18 

years of age, 39.6% (30.4%–48.8%) for adults 18–64 years, and 29.4% (22.3%–36.5%) for 

adults >65 years. The adjustments for testing frequency was extrapolated from data derived from 

2 influenza seasons after the 2009 pandemic. Testing frequency data from before the pandemic 

are not available, and clinician testing practices before 2009 might have differed from the 

practices after the pandemic. After adjustment for sensitivity and frequency of testing, observed 

rates of hospitalization underestimated adjusted rates by 57% during 2003–2009 versus 46% 

during 2009–2013 for children <18 years of age, by 76% during 2005–2008 versus 68% 

during 2009–2013 for adults 18–64 years, and by 93% during 2005–2008 versus 87% during 

2009–2013 for adults >65 years. 

Technical Appendix Table 1. Influenza diagnostic test sensitivity range from literature review and applied probability distribution by 
age group, FluSurv-NET, 2003–2013 

Diagnostic test/patient 
age group, y Mid-estimate, % Sensitivity range, % Probability distribution Reference 

RT-PCR     
 0–17 – 79.2–100.0 Uniform  (1) 
 0–17 – 85.0–98.4 Uniform  (2) 
 0–17 – 95.3–100.0 Uniform  (2) 
 0–17 – 88.4–100.0 Uniform  (2,3) 
 0–17 – 93–98.4 Uniform  (4,5) 
 18–64 – 79.2–100.0 Uniform  (1) 
 18–64 – 85.0–98.4 Uniform  (2) 
 18–64 – 95.3–100.0 Uniform (3) 
 18–64 – 88.4–100.0 Uniform  (2,3,5) 
 >65 – 79.2–93.0 Uniform  (1,6,7) 
Culture     
 0–17 – 56.0–100.0 Uniform  (7) 
 0–17 – 45.0–89.0 Uniform  (5,9) 
 0–17 – 60.3–75.0 Uniform  (10) 
 18–64 – 56.0–100.0 Uniform  (8) 
 18–64 – 45.0–89.0 Uniform  (5,9) 
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Diagnostic test/patient 
age group, y Mid-estimate, % Sensitivity range, % Probability distribution Reference 

 >65 – 19.4–53.8 Uniform  (7,11) 
DFA –    
 0–17 – 76.7–78.4 Uniform  (4) 
 0–17 62.0 45.0–65.0 Normal  (12) 
 0–17 73.9 59.8–90.0 Normal  (12) 
 0–17 – 45.0–90.0 Uniform  (13) 
 0–17 – 53.0–84.2 Uniform  (14,15) 
 18–64 – 53.0–84.2 Uniform  (14,15) 
 >65 – 53.0–84.2 Uniform  (14,15) 
RIDT     
 0–17 66.6 61.6–71.7 Normal  (16) 
 18–64 53.9 47.9–59.8 Normal  (16) 
 >65 – 8.5–43.0 Uniform  (7,11,17) 
 >65 – 8.0–28.0 Uniform  (18) 
*DFA, direct fluorescence antibody; RIDT, rapid influenza diagnostic test; RT-PCR, reverse transcription PCR; –, no mid-estimates 
from the literature review. 
 

 
Technical Appendix Table 2. FluSurv-NET hospitalization rates per 100,000 population, 2003–2013 

Influenza season Observed rate (95% CI) Rate adjusted for test sensitivity (95% CI) 
2003–04* 30.6 (28.9–32.3) 45.2 (41.0–50.4) 
2004–05* 13.5 (12.4–14.6) 20.0 (17.8–23.1) 
2005–06 15.0 (4.2–42.1) 22.0 (6.8–308.5) 
2006–07 10.1 (2.8–17.6) 15.0 (4.6–137.2) 
2007–08 16.3 (9.1–78.4) 24.0 (15.0–602.0) 
2008–09 13.6 (3.8–15.9) 22.0 (6.1–110.1) 
2009–10 30.6 (28.6–51.7) 59.0 (34.7–123.3) 
2010–11 20.2 (14.1–66.7) 24.7 (17.6–234.3) 
2011–12 7.3 (5.0–31.5) 8.5 (6.1–102.5) 
2012–13 28.5 (22.9–185.3) 33.6 (29.3–731.9) 
*Data are based only on estimate from children <18 y. 

 
 
Technical Appendix Table 3. FluSurv-NET hospitalizations rates per 100,000 population, 2003–2013* 

Age group, 
y/influenza season Observed rate (95% CI) 

Rate adjusted for test sensitivity 
(95% CI) 

Rate adjusted for test sensitivity and 
frequency of testing† 

Children <18  
 2003–04 30.6 (28.9–32.3) 45.2 (41.0–50.4) 70.8 (55.6–93.7) 
 2004–05 13.5 (12.4–14.6) 20.0 (17.8–23.1) 31.3 (24.1–42.9) 
 2005–06 15 (13.9–16.1) 22.2 (19.7–25.4) 34.5 (26.7–47.2) 
 2006–07 10.1 (9.2–11.0) 15.0 (13.2–17.0) 23.5 (17.9–31.6) 
 2007–08 16.3 (15.2–17.5) 25.0 (21.7–26.7) 39.2 (29.4–49.6) 
 2008–09 15.1 (14.0–16.1) 22.0 (19.7–24.6) 34.5 (26.7–45.7) 
 2009–10 50.5 (48.6–52.3) 60.2 (56.8–66.4) 94.4 (77.0–123.4) 
 2010–11 20.2 (19.2–21.3) 24.6 (22.7–27.4) 38.6 (30.8–50.9) 
 2011–12 7.3 (6.7–8.0) 8.5 (7.7–9.8) 13.3 (10.4–18.2) 
 2012–13 28.5 (27.1–29.7) 33.4 (31.2–37.3) 52.4 (42.3–69.3) 
Adults 18–64  
 2003–04 – – – 
 2004–05 – – – 
 2005–06 4.7 (4.1–4.9) 7.5 (6.6–8.6) 18.9 (13.5–28.3) 
 2006–07 3.0 (2.7–3.3) 5.1 (4.4–5.9) 12.9 (9.0–19.4) 
 2007–08 9.5 (9.0–10.0) 16.2 (14.7–18.3) 40.9 (30.1–60.1) 
 2008–09 4.0 (3.7–4.4) 6.7 (5.9–7.6) 16.9 (12.1–25.0) 
 2009–10 30.3 (29.5–31.2) 36.5 (34.3–40.8) 92.2 (70.3–134.1) 
 2010–11 14.5 (14–15.1) 18.5 (17.3–20.5) 46.7 (35.5–67.4) 
 2011–12 5.3 (5–5.7) 6.5 (6.0–7.3) 16.4 (12.3–24.0) 
 2012–13 23.4 (22.7–24) 30.8 (28.8–33.9) 77.8 (78.9–111.4) 
Adults 65  

 2003–04 – – – 
 2004–05 – – – 
 2005–06 39.9 (37–42.9) 155.2 (89.3–359.8) 527.9 (244.7–1613.4) 
 2006–07 16.3 (14.7–18.0) 67.3 (37.6–154.8) 228.9 (103.0–694.2) 
 2007–08 75.8 (72.4–79.4) 314.4 (172.8–686.7) 1069.4 (473.4–3079.3) 
 2008–09 13.6 (12.2–15.3) 55.3 (29.5–123.8) 188.1 (80.8–555.2) 
 2009–10 30.0 (27.9–32) 71.1 (47.7–138.5) 241.8 (130.7–621.1) 
 2010–11 64.7 (62.1–67.6) 142.5 (98.9–256.4) 484.7 (271.0–1149.8) 
 2011–12 30.1 (28.3–32.1) 63.8 (44.8–114.6) 217.0 (122.7–513.9) 
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Age group, 
y/influenza season Observed rate (95% CI) 

Rate adjusted for test sensitivity 
(95% CI) 

Rate adjusted for test sensitivity and 
frequency of testing† 

 2012–13 181.8 (177.3–186.4) 422.6 (286.6–803.6) 1437.4 (785.2–3598.7) 
*–, No data on adults were collected until the 2005–06 influenza season 
†Frequency of influenza estimating among hospitalized patients with respiratory infections is based on data from the 2010–11 and 2011–12 
influenza seasons. Those frequencies are 63.8% (53.8%–73.8%) for children <18 y; 39.6% (30.4%–48.8%) for adults 18–64 y; and 29.4% 
(22.3%–36.5%) for adults >65 y (19). 
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Technical Appendix Figure. Distribution of influenza diagnostic tests among identified cases, by patient 

age group, in FluSurv-NET, 2003–2013. DFA, direct fluoresce antibody; RIDT, rapid influenza diagnostic 

test; RT-PCR, reverse transcription PCR. A) Children <18 years of age. B) Adults 18–64 years of age. C) 

Adults 65 years of age. 
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